Abstract. The research of UUV route planning is becoming an important topic nowadays. In this paper, stream function method coming from fluid dynamics is presented, and it is applicable in the field of local route planning research. In addition, in terms of two problems in application considering maneuver and detection constraints, the improved stream function method are proposed which is the effective solution for the problems.
Introduction
Unmanned underwater vehicles, referred UUV, are highly valued by all combat forces as an emerging military power. Route planning for UUV is one of the core issues in the field of research. For avoiding the dynamic obstacles appearing in the planned path, sensor information is needed for local route planning, which is becoming an important research topic for UUVs.
UUV local route planning is a NP-Hard problem [1] . The traditional optimization methods, such as gradient method, enumeration method, random search method etc., will have lack of robustness, high computational complexity and other problems. In recent decades using tabu search, simulated annealing, genetic algorithms, neural networks and other developed modern optimization methods can solve some practical problems, but still fall into local minimum in certain time.
Stream function method is a new algorithm arising in the field of route planning in recent years. By drawing fluid mechanics concepts, it establishes the potential field, simulates flow mechanism, so that the planned route can go around obstacles smoothly as the water avoid the rocks in the river, which is appears to solve the local minima problems. This method is applied in the fields of environment, metallurgy etc. [2] before, and it is still new in UUVs. It is proposed a UUV local route planning algorithm based on stream function method, and for some specific problems from the practical application, the corresponding solutions are also proposed.
The UUV local route planning algorithm based on stream function method Algorithm Design. The UUV local route planning algorithm with stream function [3] [4] [5] is based on the basic concepts of fluid mechanics, and the circle theorem is applied, the key steps are: 1) There is a coordinate system in the planning plane XOY, and define the starting point I and the destination point T.
2) In the point T, a complex potential ( ) 
where
For multiple obstacles, their velocity component is derived from the weighted sum of velocity of each obstacle.
4) Solving the ordinary differential equations
which is right through the destination point T is desire. The determine principles of obstacle parameters. In most circumstances, the actual obstacles in the planning plane have irregular shape. To deserve the center and radius of each obstacle, the principles below have to be followed. Suppose the cross section of the obstacle is irregular shape in the planning planeXOY. From the start point I side, according to the real-time information collected from the sensors, the maximum distance between any of two points on the edge of the cross-section of obstacles can be obtained. Then according to the minimum distance point K away from the straight line of the starting point, the vertical distance b is measurable, and the other measurable distances are shown in Fig. 1 . Hence, the midpoint of PQ is taken to be the center of the obstacle, and the maximum length of OQ, OK is taken to be the radius of the obstacle, i.e., The improved UUV local route planning algorithm
In practice, with constraints of the performance of maneuver and detection of UUV and the shape characteristics of obstacles, the performance of local route planning algorithm based on stream function method will become less powerful, and in some cases it may even fail. The improved methods for two typical cases are proposed as follows.
The maneuver constraint of UUV. In the application of UUV local route planning algorithm with stream function, the problem can arise when the line connected the starting point and the destination point or the line is not far from the center. When the line across the center, the "stagnant" phenomenon will be happened, ie. the route is interrupted on obstacle edge, which causes algorithm failure; when the line is not far from the center, the large turning angle is needed to go around obstacles, and if the turning angle exceeds the maximum maneuvering angle of UUV, the route will also fail. To avoid the two problems, the new determine principles of obstacle parameters are established.
In the planning plane XOY, given the center ( ) 0 0 , y x , radius r of original obstacle, the maximum turning angle θ of UUV, and the angle α the line connected the starting point and the destination point with the x-axis (Fig. 2) Thus, local route planning with the new parameters of obstacle can avoid stagnation, and meet the maneuver requirements of UUVs.
The detection performance constrain of UUV. Typically, the detection capability of underwater sensor is always limited. Based on the real-time information only provided by forward looking sonar the morphological characteristics of the obstacle do not often be pictured, causing UUV circumvent unsuccessfully. On the other hand, even if we can learn the specific shape of the obstacle through other sources of information, the route would be not satisfied the requirements of the shortest path in accordance with the traditional local route planning. Therefore, we adopt the means that real-time updates the shape and location of obstacles, cut the original obstacles into several sections, plan the route segment of each section, and the optimization route is taken to be the connection of every segment. The core of the improved algorithm is still to determine the center and radius of each obstacle.
In the planning plane XOY, given an irregular rectangular shape obstacle (Fig. 3) , when UUV reached point 1 I by the path along the route planned from the obstacle 1 O , there is a new obstacle appears through the sensor information, which with the nearest length from point 1 I at point P, and with the maximum distance from the straight 0 0 T I at point Q. The route optimization steps are: 1) Make point 1 I to be the sub-starting point in the next phase; 2) Make sub-destination point to be always selected properly from the line 0 0 T I between the original starting point 0 I and destination point 0 T ; 3) Make the region which is get from removing the obstacle 1 O from the visible obstacle at point 1 I to be the new obstacle; 4) Make the new center of obstacle 2 O to be always taken on the line through point 1 O and parallel to the straight line 0 0 T I , and make Q O 2 to be the radius of the obstacle 1 O ; 5) The radius of the new obstacle is
, max = ; 6) Analyze the information of visible area of obstacle when UUV sailing at the point 2 I , and determine whether to enter the next phase. If so, return to step 1; if not, route planning is completed.
For example, given the center of the obstacle ( ), 
Experiments
Assuming UUV sailing in the 50 * 50 planning plane, analog cross-section of obstacles with a rotary parabolic, and set 10 obstacles to simulate the situations more complex: one situation is the line connected the starting point I and the destination point T comes across the center of obstacles, and the other is two obstacles overlapping. Assuming maximum maneuvering angle of UUV is  60 , using the normal method and the improved method with stream function to plan the route, respectively, which is shown in Fig. 4 . As can be seen, in both complex situations, the route from the improved method can right round obstacles with a small curvature.
Conclusions
It is presented the local route planning algorithm based on stream function method and its improved algorithm against the restrictions of maneuvering and detection of UUV. In this paper, the effect of underwater environment is not taken into account. In practice, if the water environment has impact of the potential in the flow field, it will affect the final result of path planning. Therefore, it needs further study and improve on whether the existence of these effects and how it affects.
